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We study the statistics of citations made to the indexed Science journals in the Journal Citation
Reports during the period 2004-2013 using different measures. We consider different measures
which quantify the impact of the journals. To our surprise, we find that the apparently uncorrelated
measures, even when defined in an arbitrary manner, show strong correlations. This is checked over
all the years considered. Impact factor being one of these measures, the present work raises the
question whether it is actually a nearly perfect index as claimed often. In addition we study the
distributions of the different indices which also behave similarly.
PACS numbers:
I. INTRODUCTION
Extensive studies have been made to analyze quantitatively the popularity of commodities (e.g., books, DVDs),
movies, academic publications, webpages etc. over the last two decades or so, thanks to the availability of such data.
Remarkably, identical behavior of the relevant distributions have been observed in many cases suggesting a common
dynamical scheme responsible for the universality. To study the popularity of a research publication or paper, usually
one calculates the citations made to that paper. The citation probability over time as well as citation distributions
have been studied in great detail in recent years [1–13]. The popularity of an academic journal may also be similarly
quantified using the citation data made to the papers published therein. The total citations received in a year, the
impact factor [14, 15], and the eigenfactor [16] are well-known popular measures. The impact factor (IF) [14, 15] of
an academic journal is a measure which reflects the average number of citations to recent articles published in the
same journal. It is frequently used as a proxy for the relative importance of a journal within its field, with journals
with higher IFs deemed to be more important compared to those with lower ones. However, according to [17], IF
may not be the perfect measure to compare the quality of two journals. The eigenfactor measure in addition takes
into account the quality of the journals in which the citing articles appear, arguing that a journal is considered to
be more influential if it is cited often by other influential journals. It was shown [18] however that the eigenfactor
measurement is more or less correlated with the annual citation measure.
Apart from studying the properties/statistics of the standard measures of annual citation and impact factor, we
also introduce and analyze a new measure called the citation rate, defined in the next section.
In the present paper, we analyze the inter-dependence of the three indices, correlations of the same measures over
time (auto-correlations), as well as their distributions. In section 2, we define the quantities considered: the details
of the data and results are presented in section 3 and in the last section summary and discussions are made.
II. DEFINITION OF CITATION INDICES
Impact factors are calculated yearly for journals that are indexed in the Journal Citation Reports [19]. The precise
definition of IF is the following: if papers published in a journal in years T −2 and T −1 are cited N (T −2)+N (T−1)
times by indexed journals in the year T , and N(T − 2)+N(T − 1) be the number of citable articles published in those
years, then the impact factor in year T is given by
I(T ) =
N (T − 2) +N (T − 1)
N(T − 2) +N(T − 1)
. (1)
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2One can also measure n(T ), the number of annual citations (AC) to a journal in a given year. This is given by
n(T ) =
∑
t≤T
∑
i
Ai(t, T ), (2)
where Ai(t, T ) is the citations received in the year T by the i th paper published in the year t ≤ T .
We calculate another index, r(T ), the annual citation rate (CR) at a particular year T that is defined as the
number of citations received in a year (annual citations) divided by the number of articles published in the same year.
Formally,
r(T ) = n(T )/N(T ). (3)
Note that this is clearly different from the average citation rate defined in [20] which denotes average number of
citations received in a particular time interval by all previously published papers. However it is rather arbitrary
as the numerator and the denominator are uncorrelated. We introduce this measure with the purpose to see how
important is this arbitrariness.
These three measures are available from a single year’s report citation data. Combining data of different years,
we consider another index r′ which may be less arbitrary than r but still quite different from I. We define r′ as
r′(T ) = n(T )/〈N〉, where 〈N〉 is the average of N(T ) over a extended time interval (10 years in our case).
The number of annual citations n(T ) might depend on the age of the journal as well as on the number of papers
published in it. Detailed studies on citation data have shown that a paper’s citation probability decays with time as
a power law roughly up to 20 years after its publication after which it falls drastically [21]. So, one can assume that
the total citation n(T ) consists of citation to papers not more than ∼ 20 years old practically. Hence, if the ages of
the journals considered are greater than ∼ 20 mostly, n(T ) approximately covers the same time period for all journals
and age of a journal will not be an important factor. However, n(T ) may be biased by the number of publications
and thus it is meaningful to scale it by a typical number of publications (as done for r and r′).
III. DATA AND RESULTS
We collected data for all Science journals indexed in ISI Web of Knowledge for the Science database, containing
the following information: (i) the number of citations n(T ) received by the journal in a year T (ii) IF I(T ) in that
year T , (iii) number of papers N(T ) published in that particular year T . The data is for 10 years (2004− 2013) taken
from Journal Citation Reports (JCR) [19].
A. Correlations
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FIG. 1: Scatter plot of impact factor (I) vs. citation (n). The binned data is also shown, which seems to fit reasonably to
I ∝ nξn . (A) The exponent ξn ≈ 0.50 for 2004 and (B) ξn ≈ 0.49 for 2013.
We first report the correlation between the different measures for different years. Figs. 1 and 2 shows the behavior
of I versus n and r respectively. The impact factor I shows remarkable correlation with the number of citations
3TABLE I: Table for the value of the Exponents a and ξn for different years. The fitted form is I = an
ξn .
Year a ξn
2004 0.04 ± 0.01 0.50± 0.02
2005 0.04 ± 0.01 0.47± 0.01
2006 0.05 ± 0.01 0.49± 0.01
2007 0.05 ± 0.01 0.47± 0.01
2008 0.06 ± 0.02 0.46± 0.02
2009 0.06 ± 0.03 0.43± 0.02
2010 0.06 ± 0.01 0.45± 0.02
2011 0.07 ± 0.05 0.44± 0.03
2012 0.05 ± 0.03 0.46± 0.02
2013 0.04 ± 0.03 0.49± 0.02
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FIG. 2: Scatter plot of impact factor (I) vs. citation rate (r). The binned data is also shown, which seems to fit to I ∝ rξr, with
two different exponents. (A) For 2004, ξr1 ≈ 0.60 for lower r value and ξr2 ≈ 1.08 for larger r value. (B) For 2013, ξr1 ≈ 0.55
for lower r value and ξr2 ≈ 0.89 for larger r value.
n for each year. In fact, the data binned for number of citations shows a very good agreement with a power law:
I = anξn , with ξn = 0.47 ± 0.03 considering all the years. The values of the exponents a and ξn for different years
are given in Table I. The binned data in Fig. 2 indicate that I and r are also related by a power law but there are
apparently two distinct scaling regimes, roughly below and above r ≈ 50. Fitting the data piecewise by power laws,
we get I ∝ rξr with ξr1 = 0.60 ± 0.02 for r < 50 and ξr2 = 1.09± 0.03 otherwise for 2004 and ξr1 = 0.55± 0.02 for
r < 50 and ξr2 = 0.89 ± 0.08 otherwise for 2013. The power law exponent for the low r region is less than that in
the high r – a trend that is consistent for all years, except that the exponents are slightly different (see Table II for
all years). Fig. 3 shows the variation of r with n, from where it is quite interesting to note that the annual citations
and citation rates have a different functional dependence. Here, the variation of r with n fitted well with the form
r = exp
[
cn + an(logn)
bn
]
and the estimated exponents are tabulated in Table. III. The most relevant exponent bn
has a value roughly around 0.5 with some variation for different years. It is interesting to find that annual citation
rate r which is an implicit function of the annual citations n has a nontrivial dependence.
Auto-correlation: We have also calculated the dynamic correlation of each of the indices (n, I, r) with itself over
consecutive years. Plotting the values for two different years for the same journal, the auto-correlation is estimated by
calculating the correlation coefficient. The linear correlation coefficient is a measure of the strength of linear relation
between two quantitative variables, say xi and yi. We use R to denote the sample correlation coefficient:
R =
∑K
i=1(xi − x¯)(yi − y¯)√∑K
i=1(xi − x¯)
2
∑K
i=1(yi − y¯)
2
(4)
Where K is the number of individuals in the sample.
In Fig. 4, the correlations for n and I are presented. We choose two consecutive years from the extreme ends, i.e.,
2004-05 and 2012-13. It is observed that these are highly correlated as R is close to 1 in all the cases. Such high
correlations are apparently not present for r for all pairs of consecutive years. In fact, R for r shows considerable
